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Results  are  presented  of an investigation in the  Langley full- 
scale  tunnel of the  effect  of a 20-percent-senhpan  deflectEble wi-ne;- 
tip  control 011 the  low-speed  lateral and longitudillal  characteristics 
of a wing  %ith  the  leading  edge  swept  back 47.5O, 821 aspect  ratio of 
3.5, and circular-erc-airfoil  sections.  Limited  tests  were also made 
of a conventional  aileron  sinulated  by an outboard  50-percent-semispa11, 

r 20-percent-chord  trailing-edge  plain  flap  (for  positive  deTlections 
I only). The  basic  wing  configuration,  the wi-ng  wi-th  drooped-nose  flaps 

deflected 400, and the  wing wi-ih drooped-nose  and  semispan  plain  flaps 
deflected 40' were  tested in the  course  of  the  investigation. All the 
dats  are  presented Tor a Reynolds  number of 4.3 x 10 znd a Mach  nun- 
ber of 0.07. 

z 
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The results s h q  that  the  20-perce~t-semispan  wing-tip  control 
investigated should provide  adequate  lateral  control  over  %he  angle- 
of-attack  range  investigated. For the  basic  wing  the  wing-tip  control 
was  about  as  effective  as a 50-percent-semispan  trailing-edge  aileron 
throughout  the  angle-of-attack  range.  With  flaps  dezlected,  the  effec- 
tivecess of tEe eng-tip control  was  greater  than  that  of  the  trailing- 
edge  aileron  at  the  higher mgles of attack. Equal (trailing  edge up) 
deflection  of  the  wi-ng-tip  controls  provided an inprovextent  in the.flow 
over  the  wi-ng  throughout  the mgle-of-attack  range  for all configura- 
tions.  Deflection of the  wing-tip  controls  resulted in a nose-u:,  trim 
chvlge  for  all  wing  configurctions.  The  1fZ-L-to-drq  ratio  of  the  wing 
at 0.85 naximum lirt d t h  tips  neutral  is 3.8 for  the  basic wing, 5.2 
for  the  wing  with  drooped-nose  flaps  deflected, end 6.1 for  the  wing 
wi-ih  drooped-nose  and  semispen  plain  flaps  deflected.  WLth  the  wing- 
-Lip  controls  deflected -15O, these  values  become 3.7, 7.5, and 7.0, 
respectively. 
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INTRODUCTION 
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VLhg-tiy ailerons nave shown fworable  roll ing  effectiveness chzr- 
ac t e r i s t i c s  as CG31pxed d t h  trailing-edge  ailerons on sweptback- and 
delta-wing  configcrations  throu&cut  the  tmnsonic and low supersonic 
speed  range (references 1 and 2). There a re  l i t t l e  data  existent,  how- 
ever,   relative 50 the  effectivecess of wing-tip  ailerons on sweptback 
wings a t  low speeds. Soxe previous  investigations a t  low speeds and 
sna11 scale  (reported  in  reference 3) Cave  b'eer; cor-fined t o  a wing of 
very low aspect  ratio. The wing-tip  contrci of %he subjec5 wing  
appeared  proxising  becmse of the  longer rollfng-moment am inherent 
with al l   t ip-ai leron  devices  and because of tine poss ib i l i ty  of a l levi-  
a t i n g   t i p   s t a l l i n g  throughout the  angle-of-attack range by negative 
( t r a i l i n g  edge ug) deflections of both  tips. 

An ir:festigation has been nade in   t he  Langley full-scele  tunnel of 
t he   l a t e ra i  end longitudinal  characterist ics cf 2. large-scale wing of 
aspect  -ratio 3.5 v i th  ?3e leading edge swept back 47.5O and with the 
o t t e r  20 gercent of each wing sedspan  deflectable about a hinge axis 
n o m d  t o  "she plane of symmetry.  The wicg-zip control cLsed i n  tine 
present Fnvestig.zition differs,   therefore,   fron  that  used i n  previous 

deflecsed, whereas the ti? corrtrols used previously  consist of small 
surfaces  a%tachel! ;o the   t ips  of the  existing wings. 

investigations  (references 1 and 3) in t ha t  a portion of the w i c g  is 

Fcrce data are gresented  Ferein a t  a RepoIds number of 4 . 3  x loG 
and a Ma-& nxn3er of 0.07, f r c ~  tests made t o  determine  the  effective- 
cess of the 20-percent-semlspan  wing-$ip controls  for m-gles  of attack 
through stall  and for total.  (differential)  wtng-tip-control  deflections 
ranging  fro= 0" t G  50'. For a i in i ted   coqar i son ,  tests were mde of a 
conventionai  ailercr, sirrEla+,eci by an  outboar5  30-percent-semispan, 
20-Fercenx-chcrii trailing-edge  plair, flas for positive  deflections  only. 
3ata  are also Fresected cf the  Longitudinal aerodTJr?mic characterist ics 
of the  wirg wit '? both wing-';iF cort rols   def lected  in   the sate direct ion , 
for   several   negat ive  ( t re i l ing edge ~ p )  def lec t ions   a t  each  angle of 
attack, The besic wicg configuration,  the wiEg with  the drooped-nose 
flaps d e t h c t e d  b", and che wing with the drooped-nose and inboard 
seafspan  plaic  flaps  deflec'ved 40' were tesfed ir, the  course oi' the 
investigsticn.  Irr acidition t o   t i e   f o r c e  neasurercer-ts, tk-Le s t a i l i n g  
cbaracter is t ics  of the wing with  the  wing-tip  corkrois  deflected i n  
the  sane  direction were determined 3y xteans of ttift observations. 
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COEFFICENTS AND SYMBOLS 
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The t e s t  data are  presented as standerd NACR coefficients of 
forces  snd moments.  The date are   referred  to  a set of axes  coinciding 
with  the wind exes, and. the  origin m s  loceted  in   the plan-e of symnetry 
as projected from the.  quarter-chord p o h t  of the mean aerodyrrdc chord. 

CL 1512 coe3ficiert  (L/qS) 

CD drag  coefficient (D/qS) 

C E  >itching-mornent coefficient (M/qSc') 

C rolling-rnonent  coefiYcieDt  with  wing-tip  control  deflected 
IT (Rolling noment/qSb) 

c?c yswing-nonent Coefficient  with  dng-tip  control  deflected 
(N/qSb) 

c2a 
rolling-mmect  coefficient produced  by the  trailing-edge 

aileron: 

c% yawing-moment coefficient produeed by the  trziling-edge 
aileron 

L/D * l i f t -drag  r a t i o  

cLIEax mximun liI% coefTicieEt 

Pb/m Wing-tip hel ix   mgle,  radians 

C dauging-in-roll  coefficient;  rate of change ol" rolling-moment 
lP 

coefficiect  with  wing-tip  helix angle 

Reynolds number R 

L 

D 

M 

li 1% 

drag 

pitching mxnent 

N 



xac apgroximte  aerodynaaic-center  location,  percent c 
- 

( :E;) 0.25 - - 100 
a axgle of attack measured i n  plene of  symmetry, degrees 

9 free-streaa dynamic pressure 

S wtng area (231.0 sq f t )  

P aEgular  velocity  about X-axis 

b wing span (28.5 f t )  
- 
C nean aerdynanic chad xeasured pa ra l l e l  t o  plane of 

symxetry (8.37 f t )  (E 1'2 c.9 

V free-stream  velocity 

sr wir-g-tipcontrol  deflection,  positive with t r a i l i n g  edge 
dm-,  deg- rees 

tozal  (equal up and down) wing-tip-control  deflection, 
degrees 

8 
aR 

right trailing-edge-aileron  deflection,  positive  for down 
deflectioas,  aegrees 

C chord, paral le l   to   plane of symetry 

C' chords perpendicular t o  lize of' mxinum thickness 

Y spanwise coordinate  perpendicular  to  ?lane of' symmetry 

C r ,  r a t e  of change of l i f t   cbef f ic ien t   wi th  angle of 
a t tack (aC,/aa), per  degree 

dC,/dC, r a t e  of change of pitching-moment coefficient with lift 
coefficien+, 

C ra te  of cnmge of rolliog-moxent coefficient  with  wing-tip- 
6Tt colztrol deflection (&z/a%,>, per  degree 

. 

. 
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MODEL 
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The geonetric  characterist ics of the wing with  respect  to  the 
urswept w i ~ g  panel  are  given  in Tigure 1. The wi-ng has an angle of  
sweepback of 45O a t  the  querter-chord  line, an aspect   ra t io  of 3.5, a 
t age r   r a t io  of 0.5, and h s  no geonetric  dihedral  or  twist. The air- 
foil sectior! of  the wing is  a synnetrical,  10-percent-thick,  circular- 
arc   sect ion  peqendicalar  to the  50-percent-chord l ine.  The wing was 

constructed ol" -inch alwninum sheet  reinforced by s tee l   chmnel  spers. 

The -&ng construction is extremely  rigid and it i s  believed Y r a t  no 
dezlections of an appreciable magnitude occurred  during  the tests. 

6 

The wing is  equipped wit33 a full-span drooped-nose f lap  and an 
inboard  seaispan  plain  +lap which a re  20 percent of the chord measured 
peqendiculer   to   the   l ine  of mzximum tnickness. These f laps   are  
pivoted on piano  hinges mounted f lush wi%h the low-er wing surface and, 
when deflected,   prduce a gap on the upper wing surface which is  
covered and faired  with a sheet metal seal. 

The wing-tip-control  configuration  tested  consists of the  outer 
20 percelrt of each wing semispan deflecteble about e hinge  sxis n o m 1  
to   t he  plm-e of symmetry znd at  0 . 3 4 ~ .  (See f igs .  1 erd 2. ) Deflec- 
t ions of fro= 30° t o  -kOo are  possible, and the  deflections  are remotely 
co_n-trolled by- actuators  within  the d-ng. The t i p s  can  be deflected 
d i f f e ren t i a l ly  as a i le rons   o r   in  %he s m  Urec t ion  as flaps.  The  gap 
a t  the juncture between the wing-tip  control an6 the  wing is  about 
3/16 inch tnroughoufu.  The area oi: each dng-t ip   -control  is equivalen-i 
t o  14.4 percent of the  area of the  wing senispan. 

The treil ing-eage  aileron tested i s  an outboerd  50-percent- 
semispan, 20-percent-chord ( n o m 1   t o   t h e  SO-percent-chod l i n e )  

l4.3', and 19.6O are  provided on the  r ight   a i leron only, m d  when the 
ai leron i s  deflected  the gap on the  upper wing surface i s  seeled and 
faired. The area of the right treil ing-edge  aileroc i s  equivalent t o  
10.9  percellt of the  area of the wing senispan. 

L brailing-edge  plain  flap. Downward. deflections of Oo, 5.7O, 10.2 0 , 

TESTS 

The t e s t s  were =de through E, m x i m u i n  argle-of-attack  rayge from 
about Oo t o  29' and a t  a Repolas  nwaber 05 4.3  x 106 and a Mach n u -  
be r  03 0.07. Three king configurations were tested:  the  basic wing 
configuration,  the wing wi-th the drooped-rose flaps  deflected 40°J and 
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the wing wit$ both  the drooped-nose  and inboard semispan plain  f laps  
deflected 40 . The drooped-nose flap  configuration was investigated 
because  the  results of the  pressure-distribution Illeesurernents over Yne 
w h g  (reference 4) showed that  the  vortex-type flow, inherent for the 
basic wrrg conf'iguratior-, was eliminated by 40° deflection of %he full- 
SF= drooped-nose flap.  With the  t ip   control   def lected  the span  of the 
drooped-nose flas extended from the p1zr.e of symetry outboard. t o  
80 percent or" the wing semispan. 

For the tests m d e   t o  determine the  effectiveness of tne wing-tip 
controls  deflected  as  ai lerom,  the  t ips were first dezlected  in  equal 
&.mounts i n  a leading-edge down d i r e c t i o n   a t  each  engle of a t tack   un t i l  
the spanwise flow a t   t h e   t i p s  disappeared;  then  the  tips were deflected 
d i f f e ren t i a l ly   i n  5' increzenks. The Seflections used a t  each  angle of 
attack about which the  wing-tip  controls were def lected  different ia l ly  
a re  given in   t ab l e  I f o r  each wing configurztion. The  naxirnun: negative 
def lect ion  for  ';hese t e s t s  was l id tea  t o  -20'. The aileron- 
effectivexess tests of the  trailing-edge  aileron were  rlade with or-ly 
the  r ight  ai leron def'l.ec%ed through a range frm 0' t o  19.6'. For 
these tests the  aileron WELS s e t   a t  the required  deflection, and then 
force  tes ts  were made as  the  angle of attack of the wing was increased 
through a mxirnm  range of fro= OO t o  so. 

In  order  to  detemir,e  the  effect  of wing-tip-control  deflection on 
the  longitcdinal  aerodynmic  characteristics of the wing, the tip were 
deflected  negatively ir- t??e saxe d2rection  in 5O increments a t  each 
angle of attack until no Turther inprovelilent i n   t he  flow Over the   t ips  
was observed. The effects  of negative t ip   dez lec t ion  on the stall  prcl. 
gression of the wing were determir-ed from v i s w l  observations of' the 
action of wocl tuf ts   a t tached  to   the upper wing surface. 

T'nroughout the  investigation  there was no evidezce of vibratior_  or 
f l u t t e r  of +,he wing-tip  control  regardless of the wing a t t i t ude  or t i p  
def lect im  tes ted.  

RESULTS AND DISCUSS103 

Presentation  of Resul t s  

The results have been corrected f o r  the  blocking  effects,  tares, 
and fo r  ZFFroximte wing-support interference. The angles of atteck 
and drag  coefficients have  been corrected  for  jet-boundary  effects by 
t h e   n e t h d  given i2 reTerence 5. In  addition,  tke  angles of attack 
have beer- corrected for a i r - s t r em misalinement. 
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The resu l t s  .of the  investigztion  ere  presented i n  two sections. 
Tifie f irst  section  pcesents  the  aeradyl-mic  cha-rzcteristics of the wing 
with the  wing-tip  controls  deflected  as  ailerons. The basic  data are 
given in   f igures  3 t o  5. The rollFng m-6 yawing  rnonents f o r  a t o t a l  
aileron  deflection of 40° are  presented  in  figure 6, the  roll iEg . 
effectiveness for the  basic wing is  given in   f igure  7. The character- 
i s t i c s  of Tie  0.50b/2  trailing-edge  aileron  ere  presented  in  figures 8 
and 9 f o r  compekison purposes. The effectiveness  parmeters 

f o r  %he tvo  aileron  configurations  are  given  in  table 11. The second 
section  presents  the  effects of the  -dng-tip  control on the  longitudi- 
nal   character is t ics  of the wing with the  t ips  deflected  In  the sane 
directiorr. The basic  date  are  given  in  f igures 10 t o  16. Diagrms 
showing the  effect  of  wing-tip-control  deflection OG t he   s t a l l i ng  char- 
ac t e r i s t i c s   a r e  given in   f igures  11, 12, md 13. The s m r y  curves 
( f igs .  17 and 18)  how the   effect  of wing-tip-control  deflection on the  
approximate  aerodynamic-center location and on the   l i f t -drag   mt io .  

(c1S> 

Effect  of  Tip  Coctrol on Lateral   Characterist ics 

Tip-control  effectiveness.- The wing-tip  controls a t  each  angle of 
a t t sck  were differentially  deflected  ibout en i n i t i a l   de f l ec t ion  which 
wzs not  coincident  with  the chorcl l i n e  of the  wing. (See tab le  I.> 
The wing-tip-control  effectiveness  pamaeter Cz&, f o r  %he basic wing 

irscreases from -0.00085 a t   t h e  lowest  angle of a t t ack   t o  -0.00100 at 
a = 1k.2O a-6 then  decreases t o  -0.00070 near  mximm l i f t .  (See fig. 3 
and table  11.) The effect iveness   parmeter   a t   the   lowest   a&Le of 
attack compares favorably  with the value of -0.00088 calculated by the 
mthod or" reTerence 6 f o r  a trail ing-edge  plain  aileron of  50-percent 
senispan ar-d 20-percent  chord. 

-Ll 

The 0.80b/2  drooged-nose flaps  increased  the  wing-tip-coatrol 
effectiveness  in  the  high  angle-of-attack  rznge as cm3ereCi w 2 - E ~  the 
basic -wing. (See f ig .  4 and t sb le  11. ) The highest  values or" the wi,r?g- 
t ip-control  effectiveness  permeter (-0.OOll3) were measured i n  the  high 
angle-of-attack  range  for  the wiEg with  the 0.80b/2  drooped-nose f lzps  

- aqd semispan p l a i a  flaps deflected  (fig.  5 and ta'ole 11). 

Rolling- acd yawi-rlg-moment cheracterist5cs.- As an indication  of 
the  effectiveness of the wi-ng-tip control in the  hi&  deflection range, 
the  rolling-noxtent  coefficients produced by a t o t a l  wi-ng-tip-control 
deflecti6n of 40° are  plotted  agzirrst  angle ol" at tack  in   f igure 6 for 
the tAree wing configurations.  In  the l o w  angle-of-atteck  rmge  the 
rolling-monent coefficient was about 0.04 fo r  a l l  configurations. The 
effect  of the 0.80b/2 droopes-nose f laps  was t o  prevent  the  large loss . i n  rolling-moment coefficient  near  mximm lif't tha t  was noted for   the  



basic wing w-2 50 provide arr increase  in  the  rolling-magent  coefficient8 
i n  %?-e m ~ e r a t e  m-gle-of-atzack  range. For the 7Irir-g wizh the combined 
defiections of the drooped noee 2nd Flair-  flaps,  there i s  a rapid 
decrease i2  rollirg-xonent  coefficiezt -with increase ir angle of a t t sck  
abwe 14'. . 

A s  snow- ir, figure 6, the Tavorable yawing-noxect ccefficients of 
the  basic wixg caued  by wing-tip-coctrcl  aeflection &t the low angles 
of attack  are  hcreased aEd exterded t o  noderate  ar-gles of attack by 
the  additicn cf Yr-e flaps.  In  the  3igh  a?gle-of-at5ack range the 
edverse yaw i s  Lncreased by the  flaps. 

Rolling  effectiveness.- ir, o d e ?  t o  indicate a measure of the 
roll ing  effectiveness cI" the wing-%ip control  imestigated,  values of 
the  wing-ti?  5elix  angle pb/2V have been calculate3  for   the  basic  
wing ccnfigur&tion. The estiroated  values of pb/m were detemined 

fron che relationship = - . Tae values of Cz:, were dete-mined 

frcn:  the  expressiop 

C l  
2v CZp 

given  as Icethod i in  reference 7. The value of f o r  the 

wing as detem-ined from the  charts of reference 6 was -0.265. The 
values of pb/m  presented h- ave  not been corrected for Lhe effects  of 
adverse yaw or wing t w i s t ,  and an  aLleron  linkage  system  giving a dif-  
fe ren t ia l  of 1:l (equal ~9 and down deflections) i s  assunled. 

The data of figure 7 show that  the  total  wing-tip-control  deflec- 
t ioc  required  to  proihce s hel ix   mgle  of (2.39, considered  necessary 
for sat isfactory low-speed cor-trol as  specified  in  reference 8, 
increasee from 2TC at  a = 3.0° co 32.5' a t  a = 6.7' and thez 
decreases t o  20' a t  a = 14.2O.  The lerge  increase i n  the values of 
pb/2V a t  e n  angle of attack cf l4.2O is  s i x i l a r  co that  shown i n  
reference 9 for %??e ef fec t  of  &E end p la te  on the  effectiveness of a 
tip-aileron  control. 

L i f k  and pitching-nment  characteristics.- The data of figures 3, 
4, and 5 show that  increasing  the  total  wizg-tip-coctrol  deflection . 

c 

Y 
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from 0' t o  40' has a s l igh t   e f fec t  on the l i f t  and pitching-noment 
characterist ics.  However, as shown in figures 3(b), 4(b),  a& 5 ( ' ~ ) ,  
there is a lift ezld t r a  change sssociated  with  the icitial wing-tip- 
control  deflection a t  each m g l e  of attack. It i s  estimated  that  the 
maxirmm charlge i n  t r i m  associated  with  the  ini t ia l  wing-tip-con:rol 
deflection  for each  configuration would anotmt t o  about l 2 O  of elevator 
deflection  for  an  mswept ta i l  and a dynamic pressure  ra t io  of 1.00. 

presented i n  figcrres 8 and 9 represent  the  coefficieat at  e given 
deflection m i m s  the coefficient a t  zero  deflectioa. The data from 
which the rolling-moment coeff ic ients   for   the  basic  -%ring were derived. 
a r e  given in reference 10 and are   typ ica l  of the  data  obtained  for  the 
other wing conr"iguratisxs. In  the  following  discussioz it  should be 
noted that the  hinge  l ine of the  trail ing-edge  aileron i s  swegt back 
36O, whereas the hinge  l ine of  the ving-tip  control is unswept, and 
also  that   the  trail ing-edge  aileron has less area  than khe wing-tip 
control. 

A comparison of the  data  of  figures 3, 4, 5, end 8 shows that   the  
var ia t ion of roiling-moment coefficient  with  whg-tig-control  deflec- 
tiozl is almost l h e a r  with  the t ip   controls   def lected,  whereas t'ne 
variation  with tine trailing-edge  aileron  deflected i s  i r regular  and i n  
nzny cases shows a reversed  efzectiveness.  This  irreguiar  variation of 
rolling-moment coefficient  with  trailing-edge-aileron  deflection w a s  
invest igated  in  reTerence 10, and it -as fcund tha t  a more nearly 
l inear   var ia t ion  w a s  prduced by apglicatioc of finite-trail ing-edge 
thickness to   the   a i le rons .  

The a i le ron   e f fec t iveness   parae te rs   for   the  two aileron  cocfigura- 
t i o m   ( t e h l e  11) are  about  the s a e  a t  the low and high  angles of 
a t tack  for   the  basic  wing configurations.  For  the  configuratior?s d t h  
f laps  &eflected, however, the  effectiveness of the  king-tip  control 
increases Over t h a t  loeasured for   the  t ra i l ing-edge  a i leron d t h  
increasing ax-gle of attack. For the  configuration  with  the drooped- 
nose aod plain  flaps  deTlected,  the  tip-control  effectiveness i s  &bout 
t w k e   t h a t  measured for  the  trafl ing-edge  aileron. it should  be  noted, 
however, t'nat the  trailing-edge  aileroc wes deflected dowrtward cnly uld 
tha t  upward ae2lections might cause 2. slight change i n   t i e  average 
slope of the  curves  through  zero  deflection. 

An indication of the   e f fec t  of a i r f o i l   s e c t i o n  on the  aileron 
character is t ics  of the wing plan f o m  under  consideration may be 
obtained from the  data of  reference 11 f o r  a wing-fuselage  combination 
of almost ident ica l  plen- form an& swee2back b u t  with  an MC-4 641~112 
a i r f o i l  sectioG. The sileron  effectiveness Farame-Ler of  the  basic wing 
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configuretion  near maximum lift for   the Wi,ng-$ip control and 0;50b/2 
sraiiing-edge  aileron os the  sfibject wicg i s  -O.OOO7O, whereas the 
value for e 0.47~/2 ai leron of referent: 11 ne21 maxinun1 lift i s  
-0.COO50. It shoilld a l so  be noted tha t  for the wing with  flaps  deflec- 
ted,  the  effectiveness of the  wing-tip  ccntrol i s  cmsiderably  higher 
than  that measured for   the  0.43b/2 aileron of  reference 11 in   t he  high 
mgle-  cf-sttack rznge. 

Effect of Wing-Tis-Control Deflection on 

Longitudinel  Characteristics 

It was believed  that by equal  deflection of' both  wing-tip  controls 
the  vortex flow, inherent fo r  the  basic wing (reference 4), could be 
nodif5ed soroewhat i n  t'ne region of zke t i p s  a26 tha t  so1118 improvement 
i3 the l i f t  and pitching-mirer;t  characteristics would  be realized. 
Cox2arisons of the  flow  over  the wing, both w i t h  the  wing-tip  controls 
neutral  end with t'ne wing-tip  contrcls  deflected  in  the same direction, 
are  give=  in  f igures 11 t o  13. A s  shown in   f igures  11 t o  13, negative 
wing-3ip-control  deflection  yrovided an improvement i2 the  flow  over 
the wing throughout  tile  mgle-of-a%tack  moge f o r  a l l  configurations. 
Wing-tip-con-krol deflection caused a reduction  in lift coefficient 
throughout  the  angle-of-attack  range for  the  basic wing configuration. 
(See f ig .  14(a). ) IC The nigh angle-of-attack range fo r   t he  wing with 
tine fia.ps.deflected,  the  wicg-tip-control  deflection can be increased 
t o  -l5O before any decrease  in l i f t  i s  mted. (See f igs .  l5(a) m d  . 
1 a a )  1 

Lkegative t ip-control  deflection caused a chmge i n  trim i n  a 
pos i t ive   d i rec t ion   fc r   a l l   conf igurz t ions ,  (See figs.  14(a), l 5 (a ) ,  
and 16(a).) For the wing with  flaps  deflected  the change i n  tria 
caused by wing-tipcontrcl   deflection is  i n  2 direc%ior_ which reduces 
%he out-of-trim rnoxer,t produced by f'1z-p deflectioc. The basic wing 
has an  undesirable  shift i n  aerodyaandc ceater of 25 percent or" the . 
mean aerodynanic chord throughoGS the  l i f t -coeff ic ient  range t o  
O . & C T , ~ ~ .  (See f ig .  17. ) Deflec%ing  the  wing-tip  coatrols -5O 

reduced t h i s   s h i f t   i n   a e r o d p m i c   c e n t e r   t o  about 14 perceEt  fo, T. the 
same l i f t -coef f ic ien t  re,nge. Eo improvement i s  noted f c r   h i m e r  wing- 
tip-control  deflections. For the wing with  flaps CieflecteCi, the  rapid 
umtab le   sh i f t   i n  aerodynamic cecter i s  delayed tc   higher  l l f t  coef- 
f ic ie r t s   wi th  the wing-i;ip conzrols  deflected -15'. (See figs.  17, 

" 

1 5 M ,  W a )  1 
The l i f ' t -drag  ra t io  of the  basic wing is  decreased  with  increasing 

wing-tipcontrol  deflection. AT; 85-gercent maximn: lift, l?owever, the 
l i f t -dreg   ra t io  i s  decremed  fro= 3.8 t o  only 3.7 for a wing-tip-control 
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deflection of -15'. A t  @-percent mximm 1tf-L the 0.80b/2 drooped- 
cos8  f laps  increzse  the  l if t-drag  ratio of the  wing t o  5.2 with  t ips  
neutral.  Wing-tip-control  deflection  provides a further  increase i n  
l i f t -drag   ra t io   in   the  moderate- $0 high-lif t-coefficient range,  and 
at 85-percent lcaximum lift a value  of 7.5 is  measured f o r  a wing-tip- 
control  deflection of -15'. (See fig.  18(b). ) Deflecting  the  rear 
f laps  in combination with  the drooped-nose flaps  increases  the l i f t -  
to-drag  rEtio t o  6.1 for  the  tips-neutral  conditioo. A t  85-percent 
n?axinu?a l i f t ,   wiqpt ip-col l t rol   def lect ion of -15O further  increases * 

the   l i f t -drag m, t io  t o  7.0. (See fig: 1 8 ( ~ ) .  ) 

S W f i Y  OF FU?SULTS 

The r e su l t s  of sn investigation  in the Langley ful l -scale  tunnel 
of the  effect  of e 20-percent-semispm deflectzble  wing-tip  control on 
the low-speed la teka l  and longitudioal  characterist ics of a wing with 
the  leading edge swept back 47.5O and circular-arc-eirfoil   sections 
showed the  following: 

1. The 20-percent-senispan  wing-tip  cortrol  investigated  should 
provide  &equate lateral control over the  angle-of-attack  range irwes- 
t igated  for   the  basic  wing as well as for   the  wing with  flaps  deflected. 

2. For the  basic wing the  a i leron  effect iveEess   paraneter   for   the 
wing-tip c o d r o l  was zbout  the sme as that  for  the  w-percent-senispan 
trailing-edge  aileron  throughout the angle-of-attack  rmge. With f h p s  
def lec ted ,   the   e f fec t iveness   pameter   for   the   dng- t ip   cont ro l  
increased  over  that measured for  the  trail ing-edge aileron with 
increasing  angle of attack. The highest  values of  aileron  effective- 
ness  parameter f o r  the wing-tip control were measure& at the  high  angles 
of attack  with  f laps  deflected.  

3. Equal  negative  deflectior! of the wing-tip  controls  provided an 
improveaent i n  the flow  over  the wing throughout  the  angle-of-attack 
rmge  for  all configurations. 

4. A s  conpared t o  the wiog with  tips  neutral,  wing-tip-control 
deflection  in  the  high  mgle-of-attack range  caused a decrease i n  lift 
for   the  basic  wing, but   for   the wing witii f lsps  deflected,   the wing- 
t tp-control   def lect ion  cm be increased  to  -15' before a decrease i n  
lift is produced. 

5. Negztive  wing-tip-control  deflection  caused a change i n  t r i m  
i n  a posi t ive  direct ion f o r  all configurations. 
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6. The l i f t -drag   ra t io  of the wizg a t  85-percent naximun l i f t  with 
zips neutral  i s  3.8 for   the  basic wing, 5.2 f o r  t h e  wi-ng with Sirooped- 
nose flaps deflected, and 6.1 for the wing with drooged-nose and semi- 
sFar  plain flaps deflected. With the  wlrg-tip  controls  deflected -15O, 
tkese  velues Secone 3.7, 7.5; and 7.0, respectively. 

Langley Aerccau5ical Laboratory 
National Advisory Camdttee  for  Aeronmtics 

Langiey Field, Va. 
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TABLE I. - IXITIAL DEFLECTIONS FOR WIXG-TIP-CONTROL 

ZFFECTIVENESS TESTS 

Configurntior, 
a 61: 

(ded (de,-) 

3- 0 -5 
6.7 

- 20 24.0 
- 20 22.0 
- 20 18.0 
-15 14.2 Basic wing 
-io 10. r: 
-10 

6.9 - 10 
10.6 -15 

0.80b/2 drooped-nose  flaps 14.3 - 20 18.1 
- 29 

- 20 27.6 
- 20 25.6 
- 20 21.9 

4.5 - 10 
8.2 -15 - 20 

16.8 - 20 
19.6 - 20 
21.5 - 20 

deflecze6 40” 

0.8m/2 drooped-rose  and 
0.50b/2 plain flaps 
deflected 40° 

13- 9 



FOR WING-TIP CONTROLS AND TRAIL*INC"EDGE AILEROES 

Elopes measured at Oo aileron deflectiog 

a 
(ded 

Tip  control Trailisg-edge  aileron 

r~ (2) %sic wing  configuration 

3.0 
6.7 

lo.% 
14.2 
18.1 
22.0 

14.4 
18.1 

I 
I 27.6 

-0.00085 
- .00077 - . 00092 
- .00100 - .00063 
- .00070 

-0.OOC87 -. 00081. - .00084 -. 00077 
- .00072 
- .00070 

~ 

-0.00079 - .00066 - .ooog1 
- .OOO87 - .00097 
- .00080 
- .00105 

-o.00070 -. 00069 - .00060 -. 00065 -. 00075 - .00055 

I (c)  Drooped-nose an& semispzm  plain flaps deflected 40 0 

4.5 
8.3 

13.9 
16.7 
19.6 
21.6 

-o.00070 
- .00094 - .00084 
- .00113 
- .00113 
- .OOO83 

-0.00043 - ,00042 -. 00045 -. 00042 -. 00032 -. 00060 



Area 231.0 aq ft 
Aopect ratio 3.5 
Taper ratio 0.5 

. I 

cI1 
P 
R 
4 

Figure 1. - Plan form of 47.5' sweptback wing. A l l  dimensions are in inches. 

I I I I 
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Figure 2.- Photograph  of 47.5' swepbback wing  mounted i n  the Langley ful l -  
scale  tunnel with the tips  deflected  in  the same direction. 
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(a) Veriation  of CzT and Cq, with W t .  

Figure 3.- Cheracteristics in left roll of t'le t i p  controls Tor the  basic 

wing configuration. R Z 4.3 X 10 6 . (See  table I for iritiaL t i p  
deflection  for  ezch angle of atteck.) 
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(b) Variation of CI, with a and C,. 

Figure 3. - Concluded. 

I 1 
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(a)  Veriation  of CzT and Cq with bt. 

Figure 4.- Charzcter is t ics   in  l e f t  r o l l  of the t i p  controls  for  the wing 

- with 0.80b/2 drooped-nose f l a q  deflected bo. R Z 4.3 x 10.. 6 (See 
teble  I f o r  iEi t ia1t i -p   def lect ion S, for  each  engle  of  atteck.) 

-a 
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(b) Variation of CL with a and C,. 

Figure 4.- Concluded. 

I I 
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(a)  Variation of CzT and C with STt . 
9 

Figure 5.- Charac te r i s t ics   in   l e f t  r o l l  of the   t ip   cont ro ls   for   the  wing 
with 0.83b/2 drooped-nose flaps and senispan  plain flaps deflected, bo. 
R M 4.3 X 10 6 . (See tab le  I f o r   i n i t i s l   t i p   d e f l e c t i o n  S, f o r  each 
angle of a t tack.)  
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a, deg 

(b) Variation of CL with a and C,. 

Figure 5.  - Concluded. 
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Figure 6.- Rollillg- and yawing-moment charac te r i s t ics   for  a t o t a l t i p -  
control deflection of bo i n  oegative r o l l .  
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Figure 7.- Variation of estimated  wing-tip helix angle pb/2V with 
total t ip-control  deflection  for  the  basic wing. - 
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SaR ,deg BOR’  deg 

(6) Full-span drcoped-nose (c) Full-span drooped-nose 
flaps deflected 40’ flaps and  semispan plain 

flaps  deflected 40° 

Figure 8.- Rolling-moment c h r a c t e r i s t i c s  of the 0.50b/2 plain t r a i l i ng -  
edge aileron. R x 4.3 x 10 6 , 
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.o 2 
30 . 

0 

( a )  Basic wing (b) Full-span drooped-nose (c) Ful I-span drooped-nose 
flaps  deflected 40". flaps and  semispan  plain 

flaps deflected 40" 

Figure 9.- Yawing-moment characteristics of the 0.50b/2 plain trailing- 
edge aileron. R NN 4.3 x 10 . 6 
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(a) Variation of CL with a and C,: 

.04 0 -.O 4 

Figure 10.- Effect of the gaps at the junctures between t i p  controls and 
wing. Basic wing configuration; = o0; R z 4.3 x 10 6 , 
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(b) Variation of CI, with CD. 

Figure 10.- Concluded. 



(a) Tlps neutral 
Y 

7 .x) -10 

10.4 50 -10 

k . 2  59 -20 

h 18.1 70 - -20 

(6) Tips deflected 
Y 

Direction  Intermittent Unsteady Intermittent Stall -7 
of flow flow stall 

- Figure 11.- Effect of tip  aeflectian on the stallirg characteristics of’ 
the basic wing configuration. Tip deflections  for  best flow improvement. 
R Z 4.3 X lo6. 



Directior: Intermittent 
of flow flow 

4.3 .54 -20 

(b) Tips deflected 

Unsteady Intermittent Stall \Tp7 
stall 

Figure 12.- Effect of t i9 deflection on the  s ta l l ing  character is t ics  of' 
the wing with  the drooped-nose flaps deflected boo. T i p  deflections 

f o r  best   f lov in9rovement. R 2 4 .3  X 10 . 6 
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(a) Tips neutral . 

c 

5 1.06 -30 

(b) Tips deflected 

33 

Figure 13 .- Effect  of t i p  cieflection 011 t h e   s t a l l i n g   c h r a c t e r i s t i c s  
of the wiog with  the drooped-nose flgqs and  semispan  gleFn flap8 
deflected 40°. Tip  deflections  for  best  f low imqrovemeot. 

R '% 4.3 X 10 . 6 - 
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(a) Variation of CL with a and C,. 

Figure 111 .- Longitudinal  characteristics of the  basic  wing-with tips 
deflected in the  same  direction. R z h . 3  X lob. 
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(b) Variation of CL, with CD. 

Figure 111.- Concluded. 
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(a) Variation of CL with a and C,. 

Figure 13.- Longitudinal characteristics of wing with 0.80b/2 drooped- 
nose flaps  deflected 40° with t i p s  deflected in   the  same direction. 

R "N 4.3 x 10 6 . 
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(a) Variat ion  of  CL with a and C,. 

FTgure 16.- Longi tudinal   character is t ics   of  wing with 0.80b/2 drooped-nose 
f l aps  and  semispan p la in   f laps   def lec ted  40' with t i p s   de f l ec t ed  i n  the 

~ame direction. R % 4.3 X lo6. 
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(b) Variation of CL with CD. 

Figure 16.- Concluded. 
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Figme 17.-'Effect of tip-control deflection on the approximate eerodpmnic- 
center  location. R X 4.3 x 10 6 . 
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f Denotes 0.85 C L ~ ~ ~  . -  

CL 
(a )  Basic wing 

CL 
(bl0.80 b/2 drooped-nose flaps  deflected 400 

CL -ijiE&7 
(~10.80 b/2 drooped-nose  flaps  and 

semlspan  plain  flaps  deflected 400 

41 

Fig-ue 18.- Effect of  t ip-control  deflection on Lift-drag ra t io .  

R 4.3 x lo6. 
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